The assembly of neurons into functional circuits requires a multitude of cellular recognition events. Recent work on the hypervariable Drosophila Dscam gene revealed how a vast number of cell adhesion proteins contributes to neuronal patterning.
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Pattern formation during brain development occurs on different levels. After individual neurons are determined, axonal projections and dendritic arborisations form and finally the numerous interneuronal connections are specified to build the complex organization of neuronal circuits. In particular, the latter patterning processes are thought to depend on distinct cell surface molecules that mediate intra-and interneuronal recognition. Three recent papers on the hypervariable cell adhesion molecule Dscam [1] [2] [3] now beautifully illustrate that in the insect brain individual neurons possess unique surface identities necessary for axonal and dendritic patterning.
The Drosophila Dscam is a neuronally expressed member of the immunoglobulin (Ig) superfamily with 10 Ig-like domains and 6 type III fibronectin repeats in the extracellular portion, a single transmembrane segment and a cytoplasmic domain ( Figure 1A ). Three clusters of alternative exons 4, 6 and 9 encode the Ig domains Ig2, Ig3 and Ig7, respectively, and through mutually exclusive splicing potentially 19,008 distinct Dscam ectodomains can be generated [4] . In addition, two alternative exons encoding transmembrane segments target the protein either to the axonal or to the dendritic compartment [5] . Dscams' role in neuronal patterning is best understood during axon and dendrite branch segregation ( Figure 1B) . In larval peripheral neurons, dendritic branches of the same neuron are repelled from each other through homophilic binding of identical Dscam isoforms [6] . Similarly, in the developing CNS mushroom body neuropil, Dscam controls the segregation of bifurcated axons in sister branches [7, 8] It has been demonstrated before by Zipursky and colleagues [9] that Dscam isoforms exhibit highly specific homophilic binding. To test if this amazing recognition specificity reflects a general Dscam property, a high-throughput ELISA-based binding assay was developed, in which thousands of isoform combinations were screened for their binding capacity [3] . Preferential self-binding was confirmed for all except one of the ectodomain probes ( Figure 1A) . Interestingly, the sensitive ELISA assay detected a small number of isoform combinations displaying non-self-binding (2-6%). By further analyzing the binding capacity of these heterophilic Ig domains in the background of different homophilic Ig pairs, the authors showed that Dscam binding specificity is achieved in a strictly modular fashion in which each Ig domain binds to its counterpart independently from the other two Ig domains ( Figure 1A) . In a series of domain-swapping experiments, the critical sequences for self-binding were defined in the variable domains. Homophilic binding specificity between Dscam isoforms can be traced to single amino acids which -together with the observation that binding specificity depends on isoform oligomerization -suggest a mechanism in which weak single molecule interactions are amplified to support strong, Ig-type, specific binding.
A deeper understanding about the Dscam binding mechanisms is provided by structural analyses [2] . They show that Ig2 and Ig3, together with the neighboring constant Ig1 and Ig4 domains, are organized in a horseshoe type configuration, reminiscent of L1-type neural cell adhesion molecules ( Figure 1A ). Whereas the constant Ig domains stabilize the 'horseshoe' shape, the variable residues of Ig2 and Ig3 constitute two distinct recognition surfaces on either side of the ectodomain (epitope I and epitope II). Homophilic Ig2-Ig2 and Ig3-Ig3 interactions involve symmetric antiparallel pairing of epitope I but not of epitope II. To test the functional importance of Ig2-Ig2 and Ig3-Ig3 intermolecular contacts, point mutations in the critical residues were introduced and the effect on binding specificity was tested. In addition, exchanging the amino-terminal and the carboxy-terminal segment of Ig2, contributing to epitope I and epitope II, respectively, shows that homophilic binding specificity in the resulting hybrid receptors segregates with the epitope I identity. Finally, high conservation of the residues among epitope I was noted in different Drosophila species, whereas the epitope II sequences are much more divergent. This suggests that the two epitopes are involved in distinct cell recognition processes, one in which highly specific homophilic binding, as in the nervous system, via epitope I is critical, and another in which epitope II mediated heterophilic binding allows the organism to adapt to new surfaces, for example in immune response [10] .
The recent fascinating insights into the mechanisms of cellular recognition mediated through Dscam diversity provide a better understanding on how growing axons and dendrites are patterned into functional circuits. Although the results so far strongly support the notion of Dscam mediated signaling between cellular extensions of the same neuron, we are still lacking evidence for a role in inter-neuronal recognition. In contrast to the function of Dscam diversity in creating unique cell surface identities in a population of interacting neurons in a stochastic fashion, being involved in the assembly of synaptic connections between different types of neurons would require a more controlled Dscam isoform expression. First hints to an at least partially regulated Dscam expression stem from Dscam isoform profiles in distinct neuronal cell types [11] and from highly specific axon branch phenotypes associated with deletions of alternative exons [12] . But possibly neuronal circuit assembly depends more on the cell-autonomous patterning of connecting axons and dendrites than on specific cell-cell recognition. In any case, the intriguing new findings on the importance of Dscam diversity and the molecular mechanism of isoform binding specificity will certainly stimulate further research and most likely change our current view of how brain development is controlled.
